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(57) [Abstract] 

[Problems to be Solved by the Invention] 

With Prior Art, like below there is a problem. 

laser* modulation element* connection element* 
photodiode or other optical integrated circuit element which is 
loaded together on substrate of one has done through optical 
waveguide, optical coupling. 

But as for structure of each element because it differs 
mutually, the transport loss of light occurs. 

In addition loss occurs in same way in between optical 
integrated circuit and the optical fiber . 

[Means to Solve the Problems] 

In portion of slot of step c (2) aforementioned lower portion 
circular condition which does exposure and development* 
copying etching on (1) substrate 1 making use of mask for 
optical control cross section which was formedon 
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if) 



semiconductor substrate or on dielectric substrate at time of 
forming waveguide of the perfectly round shape, forms 
bottom cladding layer 2 of lower portion circular condition, 
making use of the mask for optical control exposure and 
developments copying etching action, step Q which forms 
core layer 3 of perfectly round shape (3) furthermore, 
itconsists of step which laminates upper part cladding layer 4 
in bottom cladding layer and the core top layer. 



Claims 

uy*h£Bfffla> 3 *5c»ttlCjPXL. * 

icx^>yxa-eiMEus?xnc»j«**ifc 3 
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[MXfl 2] 



[Claim(s)] 
[Claim 1] 

With fabrication method of optical waveguide element which 
processes core layer which was formedon substrate by 
exposure and copying etching which uses mask for optical 
control, in desired optical waveguide pattern, exposure and 
development is done exposure dose itchanges making use of 
mask for optical control which iscontrolled to continuous, 
resist is processed in desired three-dimensional shape, 
three-dimensional shape which was formed to aforementioned 
resist next with the etching step copying etching is done in 
substrate material, three-dimensional shape is copied to 
substrate material fabrication method 0 of optical waveguide 
element which is made feature 

[Claim 2] 
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fabrication methodo of optical waveguide element which is 
stated in Claim 1 where waveguide core layer designates 
perfectly round shape as feature 

[Claim 3] 

fabrication methodo of optical waveguide element which is 
stated in Claim 1 where cladding layer and waveguide core 
layer designate perfectly round shape as feature 

[Claim 4] 

methodo which forms waveguide in step and on that 
[Claim 5] 

In to substrate surface formation methodo of waveguide 
which connects parallel waveguide and perpendicular 
waveguide 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention is structure of semiconductor optical waveguide 
and something regarding its manufacturing method. 

[0002] 

[Prior Art] 

optical waveguide element is used with field of optical 
communication and optical information record. 

It is formed to silicon* indium phosphorus or other 
semiconductor* or on quartz glass* aluminum oxide or 
other dielectric substrate making useof Tiscattering Li 
NbO<SB>3</SB> or other inorganic material or polyimide or 
other organic material. 

[0003] 

With Prior Art, like below there is a problem. 

laser* modulation element* connection element* 
photodiode or other optical integrated circuit element which is 
loaded together on substrate of one has done through optical 
waveguide, optical coupling. 

But as for structure of each element because it differs 
mutually, the transport loss of light occurs. 

In addition loss occurs in same way in between optical 
integrated circuit and the optical fiber . 

In order to decrease loss of this kind of light, Figure 9 (Japan 
Unexamined Patent Publication Hei 5-173036 disclosure ) 
and waveguide structure of shape of core like Figure 10 
(Japan Unexamined Patent Publication 2000-180648 

n a 
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disclosure ) is proposed. 
[0004] 

As for Figure 9 cross section where InP bottom cladding layer 
2 and thickness and width were formed to tapered shape on 
InP substrate 1 is oblique view of InP AsPcore layer 3 of the 
rectangle. 

Furthermore InP upper part cladding layer and light blocking 
film are formed on this after this. 

Figure 10 on substrate 1 organic polymer where index of 
refraction is high in comparisonwith buffer layer 2 is oblique 
view of core layer 3 which is processed in the elliptical shape 
or abbreviation semicircular shape on that of buffer layer 2 % 
of organic polymer. 

Furthermore over cladding layer 5 and light blocking film of 
organic polymer where index of refraction islow in 
comparison with core layer after this are formed on this. 

[0005] 

[Problems to be Solved by the Invention] 

Vis-a-vis substrate possesses tapered shape in machine 
direction and horizontal direction the method which forms 
waveguide core which is shown in Japan Unexamined Patent 
Publication Hei 5-173036 disclosure . 

But with this method, as for cross section shape of waveguide 
with while it is a rectangular, for example cross section 
antidrape stiffness transport loss occurs quickly between 
optical fiber of the round. 

In addition with Japan Unexamined Patent Publication 
2000-180648 disclosure, in order to solve above-mentioned 
problem, laser beam lighting is used in order to process core 
layer in the optical waveguide pattern of desired cross section 
shape, you have proposed . 

But when with this method it tries to adjust cross section 
shape of waveguide core in fine, making diameter of laser 
beam small, if scan itdoes not do, when rose it tries to 
increase precision the problem that occurs process time 
becomes long. 

In addition cross section of waveguide only structure of shape 
of upper portion circle can form with this forming method. 

[0006] 

[Objective] 

As for this invention being something which can be made in 
order to solveabove-mentioned problem, purpose cross 
section shape of waveguide core raises optical coupling 
efficiency between each element on integrated circuit by fact 
that it forms in shape of option which conforms to perfectly 
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round shape and element,furthermore it is to make 
transmission efficiency of optical fiber satisfactory. 

Furthermore method of drawing around waveguide element. 
From optical element which is arranged on for example 
.substrate, is connected concerning waveguide or other 
formation method which to optical element which is arranged 
in layer which islaminated on that it is to offer. 

[0007] 

[Means to Solve the Problems] 

As for this invention being something which can be made in 
order to achieveabove-mentioned objective, it forms 
three-dimensional shape in resist making useof 
photolithography process, and etching step which you inscribe 
below copying etching does three-dimensional shape of this 
resist in material being etched under resist and the 
three-dimensional shape it is formed makes feature in material 
under resist. 

Namely amount of reflected light of photomask amount of 
reflected light mask which changes in continuous isused light 
transmittance which passes photomask of being transparent 
overexposure device in photolithography process regarding 
light transmittance control mask, or reflected exposure 
apparatus which change in continuous it makes feature. 

Making use of this photomask, when it exposes to resist 
which thecoating fabric is done in substrate which 
accumulates material being etched,develops it can form resist 
of three-dimensional shape where film thickness of the resist 
changes in continuous. 

[0010] 

When next etching doing this substrate in etching step, with 
kind of condition where cross section shape of resist is copied 
to material being etched which to the bottom layer of resist is 
by fact that etching it does three-dimensional shape of resist 
transfer molding is done in substrate material of resist 

This time as for thickness of resist and ratio of thickness of 
substrate material shape of objective can be acquired by fact 
that itdistributes each etching in etching step according to 
quantity which isdone. 

Furthermore dimension of horizontal direction is copied 
precision as faithfullyas possible well, etching it is desirable 
with condition where the RIE or other strange modality 
etching condition, namely etching velocity of perpendicular 
direction is fast in etching to do. 

[Working Example(s)] 

[0011] 

Working Example of this proposition is shown below, but you 
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explain makinguse of being transparent overexposure device 
regarding photolithography step. 

Figure la,b,c,d,e,f is figure which explains first Working 
Example of this invention. 

It is a bottom cladding layer 2 . and a core layer 3 % upper 
part cladding layer 4 which were formed on substrate 1 . 

5 is resist. 

Formation of this waveguide is as follows. 

As shown in (1) Figure la, material which becomes bottom 
cladding layer on the substrate 1 is accumulated. 

It accumulates resist next, exposure and development it does 
making use of the mask for optical control, forms lower 
portion circular condition. 

With (2) etching step cross section copying etching doing 
three-dimensional shape of the resist of lower portion circular 
condition in bottom cladding layer, slot of semicircular shape 
like Figure lb in bottom cladding layer is formed. 

material of (3) core layer is accumulated. 

Try to become diameter of circle of cross section which with 
Figure 1 c ittries to form film thickness to surface of core 
from bottom of slot. 

Coating fabric it does resist with (4) lithography step , making 
use of mask for optical control it exposes, develops, it forms 
upper portion circular condition like Figure 1 d. 

(2) With copying etching doing in same way with (5) etching 
step , the cross section like Figure 1 e is formed waveguide 
core of perfectly round shape. 

(6) Furthermore like Figure 1 f upper part cladding layer is 
accumulated. 

according to need metal light blocking film is formed on that. 
[0012] 

Figure 2a is oblique view of above-mentioned Process (2). 

Figure 2b has shown oblique view of above-mentioned step 
(6). 

Figure 3 end is thin, it is a oblique view of step of waveguide 
where rear edge is thick. 

It can draw up forming method with same method as Figure 1 . 

Either number of steps without increasing shape where 
perpendicular direction and the horizontal direction incline 
together vis-a-vis substrate with mask for opticalcontrol and 
applying copying etching it can form. 

In order copying etching to do that film thickness of resist and 
the film thickness of substrate material become equal in 
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Figure 1, you explained, but whenforming waveguide of 
shape like Figure 3, it differs naturallythis ratio depending 
upon position . 

In this case it is desirable to form with condition which is 
adjustedto position where diameter of cross section of 
waveguide becomes the maximum. 

[0013] 

As for Figure 4 oblique view of method which forms 
waveguide on the step is shown. 

Here mask for optical control and copying etching is used in 
all photolithography step. 

(1) Figure 4 a accumulates bottom cladding layer 2, processes 
forms inclined part. 

(2) Figure 4 b forms slot of lower portion circular condition in 
sameway as Figure 2a, Figure 3a. 

(3) Figure 4 c accumulates core layer in same way as Figure 
2b s Figure 3b, the cross section forms waveguide core of 
perfectly round shape. 

Here inclined part of (1) and groove of (2) are formed with 
the separate step, but in mask for optical control it can shorten 
to the step of one by pattern of (1) and fact that pattern of (2) 
is synthesized. 

[0014] 

Figure 5 shape of cladding has shown step which is formedin 
same way as shape of core in perfectly round shape. 

Here mask for optical control is used in all photolithography 
step. 

As shown in (1) Figure 5 a, coating fabric it does resist in the 
substrate, exposure and development does and forms slot of 
semicircular shape in resist. 

(2) copying etching was done, to substrate fact that slot of 
semicircular shape copied, was formed is Figure 5 b. 

material which becomes (3) bottom cladding layer in order to 
bury slot completely, is accumulated on substrate. 

Next with photolithography step slot of lower portion circular 
condition like the Figure 5 c is formed in resist. 

Like Figure 5 d after (4) copying etching it copies and forms 
the slot of lower portion circular condition which becomes 
bottom cladding layer and the core of lower portion circular 
condition. 

material which becomes core layer on (5) substrate is 
accumulated, the resist of upper portion circular condition like 
Figure 5 e with photolithography step isformed. 
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With (6) copying etching like Figure 5 f core of perfectly 
round shape isformed. 

material which becomes upper part cladding layer on (7) 
substrate is accumulated, the resist of upper portion circular 
condition like Figure 5 g with photolithography step isformed. 

When (8) copying etching is done, it can form cladding and 
core like Figure 5 h in perfectly round shape. 

[0015] 

Figure 6 thin cladding layer {formation method of core layer 
which is overturned with metal is shown. With this method 
mask and conventional mask for optical control arejointly 
used in photolithography step. As shown in (1) Figure 6 a, 
coating fabric it does resist in the substrate, exposure and 
development does and forms slot of semicircular shape. (2) 
copying etching was done, to substrate fact that slot of 
semicircular shape copied, was formed is Figure 6 b. (3) Next, 
material which becomes bottom cladding layer is accumulated 
on the substrate. With conventional photolithography step like 
Figure 6 c in order for resist to cover the slot, patterning it 
does. After removing bottom cladding layer which has been 
exposed with (4) etching, when resist is removed, bottom 
cladding layer remains in surface of slot like Figure 6 d. 
material which becomes core layer on (5) substrate is 
accumulated, the resist of upper portion circular condition like 
Figure 6 e with photolithography step isformed. With (6) 
copying etching like Figure 6 f it copies and forms core of 
perfectly round shape, material which becomes upper part 
cladding layer on (7) substrate is accumulated, with J 
conventional 33 tri Soviet step like Figure 6 g in order to 
cover core upper part, resist patterning is done. After 
removing exposed part of upper part cladding layer with (8) 
etching, when the resist is removed, it can form cladding and 
core like Figure 6 h in perfectly round shape. } 

[0016] 

Next, method which connects horizontal waveguide and 
perpendicular waveguide to substrate in Figure 7 is shown. 

horizontal waveguide is drawn up vis-a-vis A. substrate. 

(1) It accumulates bottom layer cladding layer first first on, it 
exposes making use of mask for optical control in 
photolithography step, with etching step does thecopying 
etching and cross section like Figure 7 a forms slot of lower 
portion circular condition. 

(2) Next, core layer is accumulated in portion of slot, 
photolithography (mask for optical control) and horizontal 
waveguide is formed with copying etching. 

perpendicular waveguide is formed vis-a-vis B. substrate. 

upper part cladding layer is accumulated to (3) desired height. 
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With downward direction small round (It is equal to size of 
cross section shape of horizontal direction. ) it does with 
round where the upper part is large with (4) photolithography 
step in order U to become pot type, itforms making use of 
mask and copying etching for opticalcontrol. 

It does, U you connect portion of bottom of void of pot type 
with one end of waveguide of horizontal direction. 

Accumulating and fairing material which becomes core layer 
lastly in portion of this void you complete. 

[0017] 

As for waveguide of structure like Figure 7, vis-a-vis 
substrate the size of cross section perpendicular waveguide 
because there is a benefit which large canmake constraint less 
in comparison with horizontal waveguide , it can utilize as 
input edge or output terminal of same size as for example 
optical fiber. 

Figure 8 has shown waveguide of solenoid structure as one 
example which can bedrawn up making use of mask and 
copying etching for opticalcontrol. . 

sectional view. Figure 7 c of perpendicular coil is sectional 
view of horizontal coil vis-a-vis substrate as for Figure 7 a 
vis-a-vis substrate. 

Even as, in addition it can form waveguide of various shape it 
suggests upper half or lower half, of according to need* 
cross section furthermore itis possible also to form just right 
half, left half. 

In addition cross section can form also asymmetric shape 
inscribes. 

In addition cross section shape of waveguide which is 
proposed on descriptionabove has shown perfectly round 
shape, but even in addition you inscribe also thatit can form 
also polygonal shape and elliptical shape of option. 

In addition also being able to form also drawing around shape 
of waveguide in direction of option of horizontal direction, 
perpendicular direction and oblique direction refers. 

In addition, not only a exposure apparatus which uses mask 
for exposurecontrol, without using for example electron beam 
exposure device or other mask it is possible also tosubstitute 
equipment which drawing is exposed to substrate directly. 

[0018] 

[Effects of the Invention] 

According to this invention, according to fabrication method 
of optical waveguide element which isstated in Claim, mode 
matching characteristic of fiber being satisfactory, the 
structure of optical waveguide which possesses satisfactory 
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light propagation characteristic is possible. 

In addition also structure of optical waveguide which 
possesses diffraction grating in partial or entirety is possible. 

In addition because cross section shape which such as laser* 
modulation element* connection element* photodiode 
isadjusted to each element where structure differs can be 
formed, itincreases also efficiency of optical coupling. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a manufacturing step figure of first Working Example 
which draws up photosemiconductor element of the this 
invention. 

[Figure 2] 

It is a oblique view of optical waveguide element which 
shows manufacturing step of first Working Example. 

[Figure 3] 

It is a oblique view of optical waveguide element which 
shows manufacturing step of first Working Example. 

[Figure 4] 

It is a oblique view of optical waveguide element which on 
surface which inclines wasformed with manufacturing step of 
first Working Example. 

[Figure 5] 

It is a manufacturing step figure of second Working Example 
which draws up photosemiconductor element of the this 
invention. 

[Figure 6] 

It is a manufacturing step figure of Working Example of third 
which draws up the photosemiconductor element of this 
invention. 

[Figure 7] 

It is a oblique view which shows manufacturing step which 
combines horizontal waveguide and the perpendicular 
waveguide. 

[Figure 8] 

sectional view of waveguide of perpendicular coil structure 
and horizontal coil structure is shown. 

[Figure 9] 

It is a oblique view of conventional waveguide. 
[Figure 10] 

It is a oblique view of conventional waveguide. 
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[Explanation of Symbols in Drawings] 
1 

substrate 
2 

bottom cladding layer 
3 

core layer 
4 

upper part cladding layer 
5 

resist 





[Figure 2] 



[Figure 3] 





[Figure 1] 
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[Figure 4] 



(c) 



[05] [Figure 5] 
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